How hematopoietic stem cells know and act in cardiac microenvironment for stem cell plasticity? Impact of local renin-angiotensin systems.
Bone marrow-derived hematopoietic stem cells (HSC) can exhibit tremendous differentiation activity in numerous non-hematopoietic organs. This enigmatic process is called as 'stem cell plasticity' (SCP). HSC may promote structural and functional repair in several organs such as heart, liver, brain, and skeletal muscle via the SCP. The differentiation capacity of HSC is dependent on the specific signals present in the local tissue microenvironment. Those specific molecular signals required for the interactions of HSC and host tissues are currently unknown. The aim of this report is to propose a hypothesis on how HSC reach, recognize, and function in cardiac tissues in the context of SCP. Locally signaling cardiac microenvironment is essential for the seeding, expansion, and 'cardiomyocyte differentiation' of the HSC in the heart. Our hypothesis is that the receptors, ligands, and signaling pathways of the tissue renin-angiotensin system (RAS) serve as the link between HSC and local cardiac microenvironment in SCP. The RAS is considered as a 'tissue-based system' exhibiting paracrine functions within many organs. The presence of local hematopoietic bone marrow RAS and local cardiac RAS have been suggested. Both local tissue RASs share similar angiotensin peptide-signaling pathways such as JAK-STAT and mitogen-activated protein kinases. HSC have angiotensin type I (AT1a) receptors for the binding of angiotensin II, the active component of the RAS. Binding of angiotensin II to AT1a can increase hematopoietic progenitor cell proliferation. Local cardiac RAS has critical (patho)biological functions in the cardiomyocyte survival, renewal, and growth, as well as in cardiac remodeling. Therefore, the components of the local cardiac RAS and hematopoietic RAS could interact with each other during the SCP through myocardial tissue repair. Activation of the local myocardial RAS after injury may be related to homing and engraftment of the HSC to the cardiac tissue. Regenerating myocardial tissue may exert regulatory functions on circulating or resident HSC via the locally active RAS. Understanding the exact molecular basis of SCP in relation to local tissue RAS could offer new frontiers in the better management of ischemic cardiac diseases.